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FOREWORD

The Defense Communications Engineering Center (DCEC) Technical Notes
(TN's) are published to inform interested members of the defense community
regarding technical activities of the Center, completed and in progress. They
are intended to stimulate thinking and encourage information exchange; but
they do not represent an approved position or policy of DCEC, and should not
be used as authoritative guidance for related planning and/or future action.

Comment s or technical inquiries concerning this document are welcome, and
should be directed to:
Director .
Defense Communications Engineering Center
1860 Wiehle Avenue
Reston, VA 22090

ii

v

- -

LT




Be o8

TABLE OF CONTENTS

EXECUTIVE SUMMARY
I. INTRODUCTTON
I1. STUDY PROCEDURES AND METHODOLOGY
ITI. SYSTEMS ANALYSIS

IV. SIGNIFICANT FINDINGS AND CONCLUSIONS

REFERENCES
APPENDIXES
A GENERATION OF SVIP CONJS CONFERENCING TRAFFIC REQUIREMENTS
B CONFERENCE DTRECTOR PERFORMANCE AND SIZING MODEL

111

Page
vi

14
29

30

il AN iy

L




Y

”w}w. .

10

11

12

13

LIST OF ILLUSTRATIONS

BASIC STUDY STRUCTURE

PROBABILITY DISTRIBUTION OF NUMBER OF CONFEREES IN A CONFERENCE
CONUS AUTOVON CD CONFIGURATION

ROUTING FOR A 10 CONFEREE CONFERENCE

SELECTION OF TWO CONUS/CANADA SWITCHING SITES FOR CD PLACEMENT
SELECTION OF TEN CONUS/CANADA SWITCHING SITES FOR CD PLACEMENT

IST MILEAGE FOR THREE GENERATIONS OF A 48 CONFERENCE REQUIRE-
MENTS SET

IST MILEAGE VS. NUMBER OF CD'S (48 CONFERENCES)
TRANSACTION ACTIVITY FOR AN AVERAGE CD

PORT REQUEST ACTIVITY FOR AN AVERAGE CD

NUMBER OF CD'S UTILIZED BY A TYPICAL CONFERENCE
PORTS REQUESTED BY AN AVERAGE CONFERENCE

TOTAL NUMBER OF PORTS IN SYSTEM (P10 BLOCKING ON CD)
LISTING OF SVIP LOCATIONS

DISTRIBUTION OF NUMBER OF ORIGINATION CONFERENCES BY
LOCATION

LISTING OF CONFERENCE REQUIREMENTS
CYCLIC BEHAVIOR OF LOSS PROBABILITIES
SENSITIVITY TO VARIANCE OF OFFERED LOAD
BEHAVIOR OF SYSTEM WHEN Q=0

COVARIANCE OF REQUEST FOR PORTS

PROBABILITY DISTRIBUTION OF THE NUMBER OF CALLS IN SYSTEM
BY CLASS

iv

gk J

11

16

17

18

20

22

23

24

25




Cd
-
-

»

Table

1I.

III.

LIST OF TABLES

Title
SELECTION OF CD LOCATIONS FOR VARIABLE NUMBER OF CD EQUIPMENTS

COST OF AUTOVON TRUNKS TO SUPPORT THE ADDITIONAL CONFERENCING
TRAFFIC

DISTRIBUTION OF CD PORTS FOR VARIABLE NUMBER OF CD'S IN THE
NETWORK (P.10 BLOCKING)

vy

27

- . m——

" TR




~>y

EXECUTIVE SUMMARY

In this technical note we report on the study that was conducted in
answering the following questions:

e How many Conference Directors should there be in CONUS AUTOVON and where
should they be located?

N e What is the required port sizing to meet the conference traffic
requirements?

e What is the impact of accommodating the conferencing traffic require-
ments on CONUS AUTOVON?

The analytic and computer methods used to answer these questions are discussed
in the Technical Note. One general conclusion of our study is that the number
and location of the Conference Directors is highly dependent on the traffic
requirements. Another result is that the optimal number of Conference

Directors for the traffic requirements used in our study is somewhere between
2 and 4 Conference Directors.
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I. INTRODUCTION

In references [1] and [2] the Defense Communications Engineering Center
(DCEC) was directed to study the effects on today's CONUS AUTOVON network
brought about by overlaying a common user Secure Voice Conferencing capability
(SVIP), which makes use of Conference Director (CD) processor controlled
equipments placed at present AUTOVON switching sites. DCEC was diracted to
look at many issues of this problem, but four basic questions were posed to
Branch R720 of the Systems Engineering Division. These questions are:

1. How many Conference Directors should there be in CONUS AUTOVON?
2. Where should they be located?

3. What is the port sizing required to meet the conference traffic
requirement s?

4. What is the impact of accommodating the conferencing traffic
requirements on CONUS AUTOVON?

In this technical note we discuss the methods used and study results obtained
in answering these questions.

In order to address these questions from an analytic and quantifiable
approach several sets of data had to be obtained. The major one is a
specification of the conferencing traffic requirements to be used in the
study. By this we mean the point-to-point offered conference erlang loads,
and the structural makeup of a particular conference. For each conference,
one has to know the number 8nd the locations of all conferees associated with
the particular conference. Without such information no quantifiable study can
be made. Furthermore, these conferencing traffic requirements are the biggest
driver in the placement of a CD within CONUS. That is, one is not going to
place a CD on the west coast ot the United States if all the traffic
requirements for a conference are on the east coast.

We were unable to find any such set of traffic requirements that was based
on actual measured traffic, such as contained in the Traffic Data Collection
System (TDCS) of AUTOVON. Therefore, we were forced to generate our own
conference traffic. The method that was used to generate this traffic is
presented in Appendix A. It was coordinated within DCEC for comments and was
agreeable to all interested parties.

Another major piece of work that had to be accomplished dealt with
answering question 3., CD port sizing. The normal method of sizing ports or
trunks is to determine the offered load trying to use the ports, select the
appropriate queueing model and interactively increase the number of ports
until the desired measure of performance is met. The problem which arises in
the context of conference directors is that no such queueing model exists. A
conference call is similar to a two party call except that, rather than
requiring one port, it can require two or more ports depending on the nature
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of the particular conference. Thus, the standard Erlang Loss System [3]
equations cannot be used. However, we have developed a queueing model (see
Appendix B) that predicts the performance of conferences requesting use of the
ports on the CD's. )

These two problems posed the major developmental efforts in the study.
The remaining portion of the study was accomplished by a simple straight-
forward application of several of the Network Design and Analysis tools
developed by R720 for other efforts within DCEC. Section II of this technical
note discusses procedures and methodologies used in this study. The study
results are given in section III along with the graphs and tables that were
used to generate these results. Finally, section IV contains significant
findings and conclusions.




Ly

II. STUDY PROCEDURES AND METHODOLOGY

The basic flow of the study is shown in Figure 1. From a given set of
possible Conference Director (€D) locations and for a particular number of
CD's (say k), the optimal k CD locations were found. The conference traffic
subscribers were then homed and their traffic distributed within CONUS via the
appropriate routing. For each CD, the traffic trying to use the ports was
then collected and used to size the ports for the desired grade of service.
Finally, the effect in terms of additional trunking cost to support the
conference traffic in CONUS AUTOVON was computed. The value of k was
increased and the procedure was continued. 1In the study, we varied k from 2
to 20 in increments of 2. This section describes what was basically done in
each of these steps and the assumptions that were made.

Before any study of network behavior can begin, a detailed set of
conferencing traffic requirements (point to point offered traffic) for the
SVIP user community must be known. This set of requirements must be
sufficiently detailed to indicate the geographic point to point (or in the
case of conferencing, point to points) flows of conference voice traffic
during a typical busy hour. The major assumptions used in generating these
requirements were:

e The SVIP CONUS user community is located at sites already having access
to the AUTOVON network and this existing access will be used in
establishing the conferencing.

e The AUTOVON network in conjunction with processor controlled conference
directors placed at switching sites will be responsible for the
establishment of the connectivity required by a given conference.

e The set of conference requirements, indicating locations of originators
and conferees for each conference, i1s an accurate representation of the
steady state, day to day peacetime oriented demand for SVIP
conferencing in CONUS during a typical busy hour.

“ahs -

No such set of detailed requirements exist which satisfies the above
assumptions. In CONUS AUTOVON today, conferencing is conducted in a number of
distinct ways. One example is that of a specilized command, such as NORAD,
which implements conferencing specifically tailored to its own unique type of
mission. Many of the conferences are prearranged and established, conditioned
on the occurrence of an event rather than on a purely random basis. Another
example is the 4~wire subscriber who is able to initiate random and
prearranged conferences via two AUTOVON special assist operators at the
Monrovia and San Luis Obispo switching centers, where traffic statistics of
these conferences are generally not taken on a regular basis. A third example
is that of a conference initiated by an authorized user who calls to a PBX and
has a special attendant operator establish a conference by sequentially
dialing in the conferees and manually connecting them to a bridge. In all of
these examples, no complete and consistent set of requirements sufficient to
perform network analyses exists.




OPTIMUM LOCATION
OF K CONFERENCE
DIRECTORS

CONFERENCE ROUTING OF CONFERENCE
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REQUIREMENTS AT
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DETERMINE EFFECT OF
CONFERENCE TRAFFIC
ON CONUS AUTOVON

Figure 1. Basic Study Structure
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In order to examine network behavior during predicted common user SVIP
conferencing in the CONUS, conferencing traffic was computer generated, using
simulation techniques based on an existing data base of SVIP CONUS locations
and the number of busy hour originating two party SVIP calls emanating from
these locations. For a detailed discussion of the procedures used, see
Appendix A. This procedure utilized the following major assumptions:

® The number of individual common user busy hour SVIP CONUS conferences
originating from each of the 251 SVIP user locations in the above data
base is proportional to the amount of two party SVIP traffic emanating
from these locations.

e For each such conference, the number of conferees in the conference
follows a preset distribution.

o The location of each user conferee was randomly chosen from locations
in the data base, but with a probability proportional to the amount of
SVIP two party erlang traffic; i.e., the locations generating higher
amounts of two party SVIP traffic are more likely to be picked as
conferee locations.

Two sets of traffic requirements were generated, a low traffic case of 48
conferences per busy hour and a high of 210. A set of 48 conferences, chosen
as above, was generated using Monte Carlo sampling via a random number
generator. So as not to bias the resulting analysis with a particular random
number seed, two additional sets of conference requirements each with 48
conferences were also generated, using the same rules as above; all three sets
of conference requirements were individually overlaid on the CONUS AUTOVON and
subjected to the analyses which follow. Each set has the same number of
originating conferences at the same locations, but the number and locations of
the conferees of each conference varies according to the different samples
from the underlying distributions used. In this manner, the sensitivity of
the major results to the random sampling process can be examined. The
baseline set of 48 conferences per busy hour was generated using a procedure
which assumed that of the first 36 SVIP locations which generate the greatest
amounts of SVIP two—party voice communications, the highest third of those
would originate two busy hour conferences and the other two-thirds would
generate one busy hour conference. The remaining 215 SVIP locations were
assumed to originate no busy hour conferences. The assumed distribution of
number of conferees in a given conference is shown in Figure 2. The
theoretical mean of this distribution is 5.65 conferees per conference, and
the mode of the distribution occurs at 4 to 5 conferees per conference. The
actual number of conferees over the 48 conferences was 253, 297 and 282 for
the three independent generations, which represents a sample average of 277.3
overall or about 5.78 per conference. These numbers are in close agreement
with the theoretical expected value, For the 210 conferences per busy hour,
the destination distribution of the conferees was the same as the 48
conference case.

In order to get a perspective on the comparative amounts of traffic
involved, the following is illustrative of the quantities of interest. The
total two-party originating erlang load offered to the network by the 251
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SVIP subscriber locations was approximately 545 busy hour erlangs. In
comparison, the clear voice network offered load to the CONUS AUTOVON network
is presently running 5157 erlangs, which represents a traffic load averaged
over the two busy hours of the day (one in the morning, one in the afternoon)
for the normally busy month of January 1980.

Throughout this study, an average holding time of 10 minutes was assumed
for a typical conference. The amount of originating conference erlangs for
the 48 conferences would then be 8 (=48x10/60) erlangs, but this figuré only
represents the originations and does not take into account the number of
conferees and their locationsin the conference. Since we have 5.65 average
conferees (not including originator) in a conference, a rough estimate of the
offered load to the network is 8x5.65=45.2 erlangs (about 8.5% of the SVIP two
party load). For the 210 case, we have 185.9 erlangs offered to the network,
or 37.2% of the SVIP two party load. These figures roughly correspond to what
would be expected had each originator placed independent calls to each of his
conferees. 1In actua11ty, these calls are not placed independently but routed
in the network via a minimum spanning tree between involved CD's. This
routlng is in turn dependent on both the specific network CD configuration
under consideration and the source-destination characteristics of the
particular conference. All of these factors will be considered in the
following analyses, and actual switch-to-switch offered erlangs resulting from
the actual flow of conferences in today's AUTOVON will be discussed. The
study was conducted using the traffic matrix which resulted from the 48
conferences/busy hour and also from the 210 conferences/busy hour.

The first step in a particular run of the study was to fix the number of
CD's, say k (the values of k that were considered were k=2,4,...,20); the next
step was to determine the optimal location of k CD's from the candidate list
of possible CD locations. We assumed that the list of possible CD locations
considered the current CONUS AUTOVON switching sites. Furthermore, we assumed
that if a CD was placed at one of these sites it was collocated with the site
and would function as just another PBX subscriber to that switch, in terms of
obtaining access through the network, either to another CD, or to a conferee
in the conference. Access from the CD to its collocated switch is through
ports connecting them. The number of such ports will be determined by the
actual routing of the conference requirements and subsequent sizing analysis.
This study considers CD equipments as common user in nature, and available to
and from the AUTOVON network through the collocated switch. It does not
consider private access from user locations, although this could be
implemented as requirements warrant. [Figure 3 illustrates the assumed
architecture for this study. The user access lines to AUTOVON switches and
the interswitch trunks are those in existence today (May 1980). A SVIP
conference originator (user) would access first the switch to which he is
homed and then, if no CD were present would be automatically routed to the
closest switch which has a CD. The routing of conferences thereafter is
discussed in detail later.

Switching locations and not subscriber's locations are chosen in this
study as candidate sites for CD placement for a number of reasons. Primarily,
the switching locations have already been selected to provide relatively short
distance access to the greater number of subscribers. Further, the CD is
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considered as a common user equipment eligible for use, for example, by
conference originators and conferees at diverse locations, and by other CD's
in the routing of a conference. To place a common user CD at a subscriber
location would place significant stress on the access line group at that
subscriber, and would simultaneously create inefficient access by other nearby
subscribers wishing to use the CD.

As discussed earlier, the issue of how many AUTOVON switching sites to
select for CD placement is addressed in this study by treating this figure
parametrically. That is, an optimum set of two best sites was chosen and the
identity of the switches saved. This analysis was repeated, choosing the best
4 and again choosing the best 6 and so on up to 20 sites, resulting in 10
configurations of varying quantities of switching locations selected. All of
the selections were chosen from the full set of 54 CONUS/CANADA AUTOVON switch
locations with the goal of optimally reducing the user access to the CD's, as
measured by traffic weighted mileage from a user location to the closest
switch in the network having a CD, summed up over all user locations. Had
firm conferencing traffic statistics been available, these would have been
used as weights. However, as explained above, the conferencing traffic itself
was generated from two party SVIP traffic originating from the SVIP user
locations. As a result, these latter traffic figures were used as weights for
the SVIP locations because of their role in determining conferencing traffic
and because of their high correlation to the data base of 10,000 SVIP
instruments.

We have a computer algorithm which was based on some work originally done
at Bell Labs [4, 5]. This algoritlm solves the optimal placement problem of
the CD's. 1In general it solves the following problem. Suppose there are 'M'
subscriber locations and 'N' candidate locations for CD's of which the optimal
'k' are to be determined. In this application M = 251, corresponding to the
SVIP CONUS/CANADA subscriber locations. The value for N is 54, which is the
number of CONUS/CANADA switch locations. The value for k was taken to range
from 2 to 20 in multiples of 2. We briefly describe how the algorithm works
in the following paragraphs. For more details see [4] and [5].

The algorithm is begun by constructing a penalty matrix P = (p; ;),
where pj j is the penalty associated with homing subscriber i to a ¢6 at
switch j.” Out of the N possible CD locations, k are chosen randomly as the
initial best k locations. Each subscriber is homed to the nearest of these k
locations, and the total penalty for all subscribers is computed using the
matrix P. Then the algorithm proceeds by iterative optimal swapping of one
location in the current set of best k locations with one location which is not
so as to always keep k, the number of chosen locations, fixed. The procedure
terminates when and only when the total penalty of the homing cannot be
further reduced.

In our application, the penalty function used is a weighted mileage
Pij = djj t;

where d;; is the distance in miles from subscriber location i to the jth
AUTOVON switch site, and t; is the amount of busy hour SVIP two party clear
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voice traffic emanating from location i. The use of traffic as a weight
allows for discrimination of the heavier users. The penalty function will
tend to produce near optimal selection of candidate CD locations close to the
traffic~weighted center of mass of the user locations, because every
subscriber must be homed to its closest CD.

Once a specific set of conferences is known, and once a specific network
configuration is specified (that is, the placement of a specific number of
CD's at specific switch locations), then the process of routing the conference
originator traffic to its conferees utilizing the resources of AUTOVON can
begin. There are three major stages of this process. First, the originator
must access his closest CD. This is assumed to be accomplished by the dialing
of a special number which identifies to the subscriber's homed switch a
request for the origination of a conference. In the case where a CD is not
present at this switch, the call is routed, just as with any other AUTOVON
call, to the closest switch which has a CD, and this CD becomes the
originating CD for the conference.

Once the originating CD has been reached, the called numbers of the
conferees are made available to it, either through signalling from the user or
by table look-up at the CD (prearranged conference). At this point, there are
a number of possible ways for the originating CD to establish connectivity
with the conferees; for instance, he could place individual calls to each of
them.

This CD to CD call routing may not be optimal; for example, consider an
originator homed on Lodi, California and conferees homed on Littleton,
Massachusetts, Mosely, Virginia and Polk City, Florida. Placing three calls
utilizing long haul trunking facilities could be very expensive in terms of
AUTOVON resources. A better solution would be to first tandem one call to an
East Coast CD who would then proceed to make three shorter distance calls to
the conferees. This would involve lesser use of Interswitch Trunk (IST) route
mileage on the AUTOVON backbone, and usage of more CD's and a fewer number of
ports per CD per typical conference. In addition, there would be a slightly
higher number of calls placed in the backbone, but the route mileage of these
calls would be lower overall. In general, there is a trade-off between the
AUTOVON IST usage and the number of CD's and corresponding ports used in the
system. A major assumption of this study is to favor implementation of the
type of conference routing which will minimize impact upon AUTOVON resources
(IST). To the greatest degree possible then, we routed traffic that made the
most use of local tandem CD's:wherever possible, to reduce AUTOVON IST route
mileage. We determined this CD to CD routing by using a graph theoretic
algorithm known as the minimum spanning tree. See [6] for a simplified
discussion of this algorithm. The algorithm is a connection hierarchy or tree
which connects all CD's involved in a single conference so as to guarantee
minimal interconnecting route mileage. The branches in the tree connect CD's
at AUTOVON switches, and this connection is effected by placing a call over
the shortest path between the switches using the present AUTOVON IST
connectivity. This is the second stage of the routing process.

The third and final stage in routing is the reverse of the first, i.e.,

connecting a tandem ( or originating) CD to a conferee by placing an AUTOVON
call. When the conferee is not homed to the tandem CD's switch, the call is
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Switch Identity

1. Arlington, VA 7. Cheyenne, Mountain, CO
2. Toledo Junction, OH 8. Socorro, NM
3. Williamstown, KY 9, Julian, CA
4. Rockdale, GA 10. Topaz Lake, NV
5. Hillsboro, MO 11. North Bend, WA
=1 6. Lamar, CO

LEGEND

(::) CD Utilized

CD not present, or
not utilized

Figure 4. Routing for a 10 Conferee Conference
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routed through the backbone to the conferee's homed switch. Each individual
conference in the traffic matrix is routed in this manner. Ports on a CD are
seized in each of the following instances:

o An incoming request (call from a conference originator)
o An outgoing request (call to another CD)
o A call to each conferee which has this CD as its local CD.

A detailed example of this routing is now described (see Figure 4). A
user homed on the Arlington switch wishes to conduct a conference with 10
conferees homed on the following switches:

Number of
Switch Conferees

Arlington, VA
Toledo Junction, OH
Cheyenne Mtn, CO
Rockdale, GA
Julian, CA

North Bend, WA

— N e e~ N W

We assume each of the above switches has a CD collocated with it. The routing
for this conference is as follows: The Arlington CD receives the originator's
call, places a call to each of the three conferees homed to Arlington and
relays a call to Toledo Junction, accounting for a request of five ports at
the Arlington CD (one for the incoming call, one for each of the local
conferees and one for the call to Toledo Junction). The Toledo Junction CD
receives the call from Arlington, ties in its two local conferees and relays
calls to Cheyenne Mountain (via Hillsboro, Missouri, and Lamar, Colorado, the
direct path in the present AUTOVON connectivity) and to Rockdale, Georgia,

(via Williamstown, Kentucky) for a total of five ports on the Toledo Junction

CD. The Rockdale CD ties in the one local conferee for a total of two ports. M
The Cheyenne Mountain CD ties in its one local conferee and relays a call to .
Julian (via Socorro, NM) with three ports utilized at the Cheyenne Mountain
CD. Julian ties in its two local conferees and relays on to North Bend (via
Topaz Lake, NV) for a total of four ports utilized. Finally, North Bend ties
in its local conferee for a total of two ports utilized.

s, ¥
.

A computer program was written to route all the conferees via this method
and determine the accumulated requests for ports at each CD in the network.
Note that the network topology, particularly CD placement and conference
traffic matrix, is used to directly determine the arrival rate of conference
calls as well as the probability distribution of the number of ports requested
by a particular call. So the traffic characteristics at each CD of the
network are different. The point should also be made here that we assumed
that a conference was conducted even if not all the conferees could be
connected, for whatever reason.

We now know the traffic loading on each CD in the network. The next step
in this run is to determine the number of ports required to meet a desired

12




loss probability. We have discussed in the introduction, and it should be
clearer now, that a particular call may request more tham one port. In fact,
the minimum request is for two ports. A queueing model was developed to
predict the behavior of this system and is described in Appendix B, but
several points need to made here.

First, a call requesting two ports sees a different blocking probability
than one requesting three ports, for instance; the reason is simply seen when
one considers the situation where there are only two free ports and a call
arrives. If a call requires two ports it gets in; if it requires three it
does not. Secondly, because of this fact one is forced to consider an overall
average loss probability for all calls using the particular CD. All ports are
sized for a P10 grade of service. The total number of ports in the network
ana various other statistics are accumulated.

The final step in this run is to determine the effect this particular
n aber of CD's has on CONUS AUTOVON. There are two main quantities that are
used to reflect this impact. The first is the IST mileage used by the
particular set of conference requirements. This measure is the number of IST
miles which are utilized in processing the set of conferences, using the
minimum spanning tree routing discussed earlier. We note this measure is not
the additional IST channel miles required to support the conference traffic,
but just the AUTOVON IST mileage that would be traversed. This mileage is
considered in two functionally separate categories: USER/CD and CD/CD IST
mileage. The first category represents (1) the IST mileage from the
originator's home VON switch to his local CD, and (2) the IST mileage to each
conferee's home VON switch from his local CD. For purposesof this study, this
category (2) does not include any AUTOVON access line (PBX to switch) mileage
since emphasis here is on the AUTOVON backbone. The second category is the CD
to CD IST mileage, which represents the branches of the minimum tree spanning
all CD's involved in connecting a specific conference.

The second impact to be determined is the additional AUTOVON trunking that
would be required to maintain a desired grade of service within AUTOVON. This
is accomplished by constructing a switch-to-switch traffic matrix, in erlangs,
which accurately represents : e conferencing requirements during a busy hour,
on a call by call basis. It s also possible to add, or overlay, this
conference traffic matrix onto the existing clear voice traffic matrix and to
conduct a fixed-performance cost comparison of the AUTOVON network, both with
and without the subject conferencing requirements. Using the DCEC Switched
Network Design and Performance Model [7], one can determine this impact.

In the performace mode of this model, the identity of the 54 CONUS/CANADA
AUTOVON switches and traffic flow between them is provided, along with the
present design connectivity of the network. An average network point-to-point
grade of service requirement of P10 is held fixed and the links are resized to
meet this grade of service. The cost of the network before and after the
inclusion of conference requirements is determined.
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IIT. SYSTEMS ANALYSIS

In the first two sections of this technical note we have described the
problems to be addressed and the techniques we have used to get answers to
some basic questions. This section presents some numerical results of the
study. Several tables and figures are used to display our results.

Table I shows the results of placing a variable number of CD's in the
CONUS AUTOVON network, and Figures 5 and 6 show graphically the configurations
in Table I corresponding to 2 and 10 CD's respectively. In Table I, each
column represents a separate and independent run of the procedure described
earlier. That is, there is no influence of one run upon another; the
selection of a switch for one configuration, say four CD's, has no effect on
its selection in another configuration. The selection, as mentioned earlier,
is solely influenced by effort to minimize the total traffic weighted
distances from 251 SVIP locations to the best selection of switches. Figures
5 and 6 show straight line segments having as one terminal point the SVIP
location and as the other terminal point the associated CD location. Homing
is done on the basis of closest CD. Not all 251 locations are visible in the
resolution of these two figures.

As was suggested in section II, one measure of impact on CONUS AUTOVON is
the Interswitch Trunk (IST) mileage. This measure is the AUTOVON trunk
mileage traversed by a particular set of conferencing requirements. There are
two components of this measure of special interest: first, the USER/CD
mileage, the mileage of each call to the closest CD; and the second is the
CD/CD, the CD to CD mileage for each call. In general, as the number of CD's
increases, the user/CD mileage ratio for the set of 48 CD's decreases due to
the shorter distances and greater proximity of users to their local CD's.
Whereas, the CD/CD mileage for the same set of requirements will increase with
more CD's in the system because as more CD's become available for use they
will be utilized by the routing discipline. This phenomenon will occur only
up to a certain point where additional CD's added to the system will not be as
fully utilized by the conferences due to an upper limit on the number of
conferees in a conference. Hence, a leveling off point is reached. The total
IST mileage is thus the sum of two opposing monotonic functions of the number
of CD's in the system. The relative change in one component will work against
the other component and the sum will depend upon which relative change is
larger.

Figure 7 shows the results of each component of IST miles as a function of
the number of CD's present in the system for the three sets of 48
conferences. The three sets were generated using different random number
seeds. As a result, both the number of conferees for a given conference and
the distribution over the 251 locations of the conferees of a given conference
were varied to examine the effects upon IST mileage used. The results of
Figure 7 indicate that the effect of varying the simulation sampling for
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TABLE I.

AUTOVON
SWITCH

Apache Junction
Arlington
Brewton

Cedar Brook
Cheyenne Mountain
Delta
Dranesville
Fairview
Hillsboro
Julian
Littleton

Lodi

Mojave

Moseley

Mounds

North Bend

Polk City
Rockdale

Seguin

Socorro
Stanfield
Sweetwater
Terre Haute
Toledo Junction
Wheat land

Number of CD's
in the Net work

SELECTION OF CD LOCATIONS FOR VARIABLE NUMBER OF CD EQUIPMENTS
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number of conferees and location of conferees for a fixed set of originators
is quite small. Since there was little difference in the three runs, in the
remainder of the study the various figures of merit will be shown as averaged
over the three separate sets of requirements. Also shown in Figure 7 is the
leveling off of the CD/CD mileage at about 12 CD's, while the user/CD IST
mileage is still decreasing at 20 CD's. Figure 8 shows the two types of IST
mileage averaged and then summed as a function of number of CD's in the
system. There is an initial drop in total mileage in going from two to four
to six CD's, and from this point onward there is an overall trend of very
slight decline in mileage. The initial sudden drop is due to the great effect
of gaining access in the network to the local CD's of the users. This effect
continues to dominate the increase in CD to CD mileage, but the combined
effect after about six CD's is one of a diminishing effect on the mileage
dropoff. Based solely upon this figure of merit, an optimally chosen set of
six CD's would appear to have greatest impact upon use of IST mileage.

IST mileage, however, is not the only variable to be taken under
consideration. In general the conferencing erlangs will be combined with
clear and secure voice two party erlang traffic, and considerations of routing
and economies of scale in trunk group sizing need to be examined. This is
done in Table II for the 48 and 210 conferences per busy hour cases. For each
case the additional cost of increasing the AUTOVON trunks to support the
additional conference traffic and maintain a network grade-of-service of P10
is presented. The baseline case is when the number of CD's is zero.

TABLE II. COST OF AUTOVON TRUNKS TO SUPPORT THE ADDITIONAL
CONFERENCING TRAFFIC

48 Conferences 210 Conferences
Number CD Traffic Cost CD Traffic Cost
of CD's (erlangs) (M§'m3.) ‘arlangs) (M$/mo.)
0 0.0 6.310 0.0 0.310
2 60.22 6.353 262.44 6.500
4 60.89 6.346 268.83 6.469
6 60.78 6.343 274.16 6.470

Table II indicates a differential cost increase of 43, 36, and 33 K$/month
for a network carrying 48 conferences with two, four and six CD's
respectively. There is a slight cost savings (7 K§/mo) in going from two to
four CD's and insignificant savings in going to six from four. From the
network (and only the network) point of view, the selection of number of CD's
is practically insensitive to cost considerations. The major cost
considerations will more likely be found to lie within the CD system cost
itself. Cost analysis for the CD equipments will be treated in subsequent
reports. Increasing the number of conferences to 210 (a 4.4 fold increase),
results in a differential cost increase of 190, 159, and 160 K$/month for the
two, four, and six CD configurations. These bear an almost exact ratio to the
4.4 fold increase in traffic. 1In particular, the same conclusions apply to
the number of CD's in the network. An initial configuration of two CD's will
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be slightly more expensive to AUTOVON than four, and in each case this cost
will vary in a direct linear manner with numbers of conferences (i.e., volume
of requirements).

A CD collocated with an AUTOVON switch will see both incoming and outgoing
transactions regarding requests for its ports. First, on the incoming side, a
single port will be seized from either a call from a conference originator
(user) on the local CD or from another CD that is relaying the conference
because it has conferees local to it. Then, on the outgoing side, groups of
ports will be seized for calls to (1) each conferee involved in the
conference, and (2) CD's involved in further tandeming of the conference. For
a given conference, a specific CD may see no such transactions at all, even
though its associated switch may be involved in the conference. Thus, a CD
for one specific conference will see either no requests at all for ports or a
request for two, three, or more ports, depending on its proximity to the users
in the conference and the presence of other CD's in the network.

Figure 9 shows the number of conferences (a single request by a
conference) being offered to a typical CD in the network versus the number of
CD's in the network. Note that a request could result in any number of
requested ports, but here only individual requests are counted. If the number
of CD's in the network were one, the number of transactions would be 48, the
number of conferences in the requirements data base. This shows how the
conference requests on a CD drops as there are more CD's in the network. An
average CD will, up to a point, see fewer and fewer conferences requesting
service from it. Figure 10 shows the total number of ports being requested by
an average CD. Both Figures 9 and 10 show that as more and more CD's are
added to the system, with the requirements held fixed there will be less and
less activity present at an average CD up to a point of diminishing returns
due to geographical separation from the requirements flows. This emphasizes
the need for accurate knowledge of conference flow patterns.

Figure 11 shows the average number of CD's that will be utilized by a
typical conference. When only two CD's are present in the system, nearly all
(1.9 on the average) will be utilized by an average conference. This ratio
falls off rapidly, however, when more and more CD's are added to the network.
For example, with 20 CD's in the network, only about 5.4 CD's (on the average)
are utilized by a given conference. This is directly related to and
controlled by the distribution of the number of conferees in a conference.

Figure 12 shows the number of ports requested by an average conference as
more and more CD's become available in tue network. Up to a certain point,
more and more ports are being requested. This is due to the fact that more
and more CD's are being involved in a conference because of their geographic
availability. With more CD's available, the number of overall ports requested
increases. This effect diminishes due to a saturation effect; i.e.,
additional CD's will tend not to be involved in a given conference. The
conclusion is that from the conference point of view, the inclusion of more
and more CD's in a network will have diminishing effect due to the upper limit
on numbers of conferees in a conference. These figures have demonstrated that
the optimal number of CD's in the CONUS AUTOVON is probably small and on the
order of two to six CD's, depending on the location of the users.
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The previous figures have "shown the process of requests for ports flowing
through an AUTOVON network configured for a variable number of CD's. Any
number of ports on a CD less than the total requested over a busy hour will
lead to blocking on the CD, or denial of service. Appendix B discusses a
mat hemat ical queueing model of this, K process whereby the number of ports
associated with a desired level of blocking can be evaluated (by a computer
algorithm) from a knowledge of the distribution of numbers of ports requested
for a given CD. This sizing in effect allows for more efficient use of the
resources (ports) on the CD. No limitation is assumed in the study on the
number of conference bridges available to the CD.

Table III shows the distribution of the ports on each CD in the system as
determined by the queueing model described in Appendix B. These quantities
were averaged over the three separate traffic simulations for the case of 48
conferences in the system and grade of service on the CD (blocking) of P.10.

It has already been seen that as more CD's are available to the network,
they are utilized less and less frequently. This will also cause the number
of ports, sized for an assumed level of blocking at the CD of P10, to decrease
at a CD. The question is whether the total number of ports in the network
will also decrease with increcasing quantities of CD's. Figure 13 shows the
total number of ports, sized for P10 CD blocking, for each configuration.
This figure indicates that although the ports per CD are decreasing, the
number of CD's is rising faster, resulting in an increase in the number of
ports in the system. This is more than likely due to the total lack of
economy of scale at the lighter loading levels produced with many CD's in the
system. Adding CD's will, in general, result in more ports overall in the
system.
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TABLE III.

DISTRIBUTION OF CD PORTS FOR VARIABLE NUMBER OF CD'S
IN THE NETWORK (P.10 BLOCKING)

AUTOVON
SWITCH Number of CD's in the Network

2 4 6 8 10 12 14 16 18 20
Apache Junction 10 10 10
Arlington 43 39 38 36 36 34 24 27 28
Brewton 14 14 15 14 14
Cedar Brook 13 13 13 14
Cheyenne Mountain 16 15 15 15 13 13 12
Delta 7
Dranesville 57
Fairview 12 9 9
Hillsboro 28 24 21 22 21 18 18
Julian 18 19 18 19
Littleton 13 13 12 12 12 12
Lodi 14 14 14 14 11 11 11
Mojave 26 24 18 18 18
Moseley 19 19 16
Mounds 34 15 15 15 16
North Bend 8 8 8 8 8 8 8 8
Polk City 3 3
Rockdale 28 26 27 24 18 18 18 18 15
Seguin 20 19 19 14 14 11 14
Socorro 38
Stanfield 14
Sweetwater 25
Terre Haute 27 18
Toledo Junction 19 19 18 18 18
Wheat land 6 5 5 6
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IV. SIGNIFICANT FINDINGS AND CONCLUSIONS

In this Technical Note we have studied the impact on CONUS AUTOVON of the
addition of estimated SVIP conferencing requirements. This effort required
two significant pieces of developmental analysis. The first was the
generation of a representative traffic requirements matrix for SVIP conference
calls; and the second was a development of a mathematical model to be used in
sizing the ports on the CD. These two pieces of work are fully documented in
Appendices A and B.

The study attempted to answer the following questions:
a. How many CD's should there be in CONUS AUTOVON?
b. Where should they be located?

c. What is the port sizing required to meet the conference traffic
requirements?

d. What is the impact of accommodating the conferencing traffic
requirements on AUTOVON?

A detailed analysis of these questions is given in section III; but some
general statements can also be made. The number and locations of the CD's are
highly dependent on the location and traffic requirements of the users. When
one only considers the traffic requirements generated in this study, the
optimal number of CD's is somewhere between 2 and 4. This result only
considers the network implications of the CD's and their traffic; it did not
consider the cost of the CD's themselves. When one considers the economies of
scale in the port sizing aspects of the problem, and the cost of the CD's, one
is forced to conclude that the optimal number of CD's is probably very small,
probably two, considering cost impact. The survivability/reliability aspects
of the problem have not been addressed in this report but could obviously
impact the above conclusions.
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APPENDIX A
GENERATION OF SVIP CONUS CONFERENCING TRAFFIC REQUIREMENTS

1. Introduction. In order to perform network analyses to determine the
numbers, placements and sizing of SVIP Conference Directors within the CONUS
AUTOVON network, it is necessary to have a set of busy hour conferencing
traffic requirements. These traffic requirements should be specific enough to
indicate the quantities of busy hour conferences, the locations where they
originate, the numbers and locations of their conferees in a conference by
conference basis and the holding time of a conference. 1In the absence o® a
set of detailed quantified requirements as described above, it has been
necessary to generate, using Monte Carlo simulation techniques, an interim set
of conferencing requirements. This appendix discusses the procedure,
rationale and inherent assumptions made in arriving at an interim set of
requirements. In the implementation of this procedure, certain parameters and
probability distributions were subjectively chosen on the basis of a first cut
estimation.

The basic data base from which these procedures derive is a set of 251
CONUS/Canada locations with busy hour originating SVIP (two party) offered
traffic in erlangs. This data base was provided to R73C in the first quarter
of CY 78 by R720 and is the result of an earlier analysis which used as input
the CONUS/Canada portion of the CY 78 Secure Voice 10,000 subscriber list, and
which derived originating offered traffic by location. This data base was
used to provide CONUS secure voice traffic for use in the 1982-92 Ten Year
Plan. It is presumed that prior analysis considered the numbers of
subscribers (main stations, or instruments) at a location, an assumed amount
of originating traffic per instrument (about 1.2 calls per busy hour), a turn-
around ratio (about 70%) at the local concentrator and a sizing of access
lines according to a desired blocking probability (about 10%). The resulting
offered erlang traffic is thus a derivative of the locations of main stations
in the CY 78 Secure Voice data base. A listing of the 251 locations is given
in Figure A-1. Each line is a SVIP location and shows the location number,
the 8 character DCA geographical location name, a 2 character state/country
code, decimal latitude and longitude, V/H coordinates, and SVIP (two party)
offered erlangs. The total traffic over the 251 locations was 545 busy “our
erlangs.

The method for using this data to simulate SVIP conferencing requirements
consists of three steps:

1. Determine the number of busy hour conferences originating from each
location.

2. For each conference in step 1, determine the number of conferees
participating in the conference.

3. Determine the location of the conferee in step 2.
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2. Step One. The locations that originate conferences are determined by the
amount of SVIP traffic originating from them. That is, the number of busy
hour conferences originating from a location is assumed to be proportional to
the SVIP traffic offered from that locatiou. This rule is implemented in the
computer by ranking the locations according to their erlang traffic,
partitioning the erlang scale of traffic into a number of intervals, and
assigning quantities of originating conferences to locations in these
intervals in a maoner which increases with increasing traffic. Specifically,
an ordered set of erlang cut points, Cg Cy, Co ... are specified so that

a location will be assumed to generate i conferences during a busy hour if its

SVIP originating erlang traffic is in the range from C; to Cj4+1 (Co=0).
The selection of these cut points effectively determines the number of

conferences in the set of requirements and is the means by which the volume of

requirements is controlled. Increasing one or more cut points will lower the
overall number of conferences and vice versa. Figure A-2 shows the result of
choosing erlang cut points of Cy=5, Cy=8.

Erlang Number of Number of Total
Interval Locations Conferences Conferences
0. to 5.0 215 0 0
5.0 to 8.0 24 1 24
greater than 8.0 12 2 24
Total 251 48

Figure A-2. Distribution of Number of Origination Conferences by Location

In this case, 215 of the 251 locations originate no conferences, while 24
locations each generate one conference and 12 locations two. This results in

a total of 48 busy hour conferences being generated. The choice of cut points
can be parametrically varied, in effect, to throttle the number of conferences

in the data base, all the while keeping the rule that the more SVIP traffic
emanating from a location, the greater the number of SVIP conferences being

generated.

3. Step Two. For each originating conferencing requirement, it is next
necessary to know the number of conferees associated with it. This is
accomplished by Monte Carlo sampling from an assumed probability distribution
which is input to the program. The assumed distribution could be Normal or
any other type and could be modified by actual data. The distribution
currently being used is as follows:

A-6
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Number of

Conferees

(Exc luding

Originator) Probability
1 0.0
2 0.083
3 0.125
4 0.167
5 0.167
6 0.125
7 0.104
8 0.083
9 0.063
10 0.042
11 0.021
12 0.021

First, no probability is assigned to one conferee; this event is equivalent to
a two-party call. Second, it was anticipated that the majority of conferences
would have somewhere around four to five conferees, so these values show the
highest probability. From 6 to 12 conferees the probability decreases
regularly. The average, or expected number of conferees, per conference for
this distribution is 5.66 (or an expected 271 conferees over the 48
conferences of step one). One Monte Carlo sampling distribution of the 48
conferences according to the number of conferees each conference generated is

L ey

t.

shown below:

NUMBER OF

CONFEREES

WO NIITNPL WN -

NUMBER OF CONFERENCES

Observed Expected
0 0.
7 4,
6 6.
5 8.
12 8.
4 6.
5 5.
3 4,
2 3.
4 2,
0 1.
0 1.
Total 48 48

This distribution can be easily altered, if more specific data becomes

available.
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4. Step Three. Having determined, for each conference, the number of
conferees by sampling from an a priori distribution, it is then necessary to
determine the community-of-interest or destination locations for the
conferees. A detailed mission analysis of each location could provide this
data. However, until such specific information becomes available, it is
assumed that the conferees are geographically located proportional to the SVIP
originating traffic emanating from the locations. A probability distribution
is created in which the probability of selecting a conferee location is equal
to the location's fraction of total SVIP erlang traffic. One sample from this
distribution is made for each conferee of every conference. In this manner,
the locations for the conferees are selected randomly, but in proportion to
the amount of SVIP traffic they represent. No attempt is made to prevent
multiple occurrences of a conferee location for a single conference, or of a
conferee being collocated with the originator. Figure A-3 is a listing of the
set of 48 conferences showing on each line the conference number (1 thru 48),
location number (1 thru 251) of the originator, the number of conferees, and
the locations of the conferees (1 thru 251). The location numbers refer to
the ordinal position in the listing of Figure A-1.

Holding time statistics for a SVIP conference are generally unavailable.
An expected holding time of 10 minutes, constant for all conferences, is
current ly being assumed. On the originating side, this would equate to 48/6 =
8 erlangs of traffic, and on the destination {conferee) side 271/6 = 45.17
erlangs which would correspond to 271 independent two-party calls. The effect
of these conference requirements upon current CONUS AUTOVON is very much
dependent upon the number of conference directors in the network and the
routing of calls from (1) originating location to local CD, (2) CD to CD
spanning all CD's active for a given conference, and (3) each remote CD to its
associated set of conferees. The effect of these routings as well as
placement and quantity of conference directors is discussed in the main body
of this report.
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APPENDIX B '

CONFERENCE DIRECTOR PERFORMANCE AND SIZING MODEL

1. INTRODUCTION g

In this study we have assumed that each conference director had to be
gollocated with a switch. The switch and the conference director are connected
via ports on each equipment. When a conference call requires use of the
conference director, it will require the use of more than ome port. This
number will depend on such things as the number of conferees in the
conference, the location of the conferees in the conference and whether this
particular switch/conference director pair is in a tandem path for the
conference. Thus, calls will arrive at the ports and require a random number
of ports, depending on the particular conference. Since we do not allow the i
buffering of calls, the performance of the calls requesting use of these ports
can be considered as a loss queueing system where customers (calls) may

1
3

require more than one server (ports). ! ;
P

To be capable of quickly and efficiently determining the number of ports
required to ensure a given level of blocking, we need to develop a
mathematical performance model for this system. It has not been until
recently that queueing systems where customers require the use of more than
one server have been investigated [1]-[5]. 1In those papers, queueing of
customers was allowed. 1In a different context reference [6] solved the same

problem we are discussing here. We did not discover their work until we had




independently developed our analysis, and as such we discuss our development,

which is tailored to our application.

In section 2 of this appendix, we develop a mathematical model that can be
used to predict the performance of the system. Also discussed in that section
is a methodology for the sizing of the ports so as to ensure a desired grade
of service. Section 3 contains an extensive numerical investigation of the

system and possible sensitivities.
2. MATHEMATICAL PERFORMANCE MODEL

Let S be the number of ports connecting the conference director and the
switch. We assume the arrival process of calls to the ports is Poisson with
parameter A; and that Qn’ n=1,2,...N, 1is the probability the call requests
n ports. Without loss in generality we further assume N<S. 1If an arriving
call requesting the use of n ports does not find n ports free it is dismissed
from the system. Let us assume the holding time of a call requesting n ports
is exponientially distributed with mean u;ql We assume that the call
maintains control of the n ports for its entire holding time, at the

conclusion of which time it releases all of the ports.

Let Cn be the steady state number of conference calls, who requested n

ports, in the system and define

e
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with PLn being the probability a call requesting n ports is lost. It is

intuiti"ely Jbviﬂus that
PL <P|I < <P|I Boz)

since a call requesting n ports is not blocked as much as a call requesting

(n+1) ports and we do not allow any preempting.
Let
N

§* = max{rltfs—ézkitandr=0,1,...,N} (8.3)
=1

then the steady state equations for Pi s; sveery  arve

1 2 N
S* N N
(3 aq +2 i lp, - 2 AQP .+
W1 G o 11,12...,iN =& il,...,in—l,...,lN
(B.4)
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when ri_<S; P, ,. ,eee,, =0 if there exist an 1i_< 0 or if
r i’i i r

=1 1 "2 N

r—
N
Y, ri_>s.
r=1

It is straightforward to show that if p = )\Qn/un for n=1,2,...,N;

the solution to these equations is

where Po 0 0 is found by the normalizing condition to be
yeeany

_ (=D
s 51 [—Lr———— ]
-1 - N
Po,0 0= L "-“""Iélpr
>t T 1 =0 r,=0 x,=0 it
B-4

(8.5)

(B.6)




where [x] is the greatest integer < x. So the problem rests on being able to

evaluate the sum given in equation (B.6). Arthurs and Kaufman obtained the

same solution for their problem and also showed that the results hold for

general holding times.

The following iterative scheme can be used to quickly evaluate this sum.

For 3j=0,1,2,...S define

R
f(N,,j) = ': fﬁ_; (B.7)
r;g? r!

and for i=N-1, N-2, ..., 2, 1 and j=0, 1, ..., S define

i
(4, - | (5.8)
£(1,1) = O Lo £+, 3-10). .
r=0 :

It is interesting to reflect on what f(i,j) represents and to draw some
parallels between this recursion scheme and those that appear in Dynamic

Programming. The quantity f(i,j) can be considered as one has j ports to be

h—
|
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distributed among the call requesting i, i+l, ..., N ports. In [6} they used

the same scheme to determine PO 0 0’ it is similar to the one Buzen [7]
H ye ey

used to compute the normalizing constant in the context of network of queues.
In that context Kobayashi [8] gives a summary of the methods that have been

used to efficiently determine these constants.

The required sum is given by f£(1,8), so

P0,0,...,0 T —L_ (B.9)
£(1,8)

We note in evaluating equations (B.7) and (B.8) only two vectors of length S+1

have to be stored in the computer.

It turns out that some additional information is directly contained in
f(1,7) for =0, 1, ..., S. Let X present the steady state number of busy

servers; then with a little thought one sees for j =0, 1, ..., S

£(1,3)-£¢1,3-1)
Pr{x=j} = £(1,S) (8.10)
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where f(1,-1) = 0. Using equation (B.10) the loss probabilities PL can be

quickly found, for n =1, 2, ..., N

s
=¥ = = + =S+1~
pL = ., PriX r} = PL__, + Pr{X=S+l-n} (B.11)
r=S+l-n

where PL0 = 0. From equation (B.1ll) one directly sees the inequality
relationship given by equation (B.2). Finally, the overall average loss

probability, PL, is

-_«"'z

PL = (B.12)

;ﬁ Pultn/?

g .

N
7
where p = /L4 pn.

Although equation (B.11) gives us the most desirable measure of
performance for the system, the iteration procedure described via equations
(B.7) and (B.8) can also be used to give other system performance
characteristics. Let F(T,en) the corresponding value of £(1,T) when we
recursively use equations (B.7) and (B.8) with S=T and 8 = (01,02...,

ces . 0 i i .
°n-r°'°n+1’ ,pN) The vector 6 is equivalent to a vector of the P,'s
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but with p, set to 0. The probability distribution of the number of calls,

who requested n ports, in the system is given by

i
1 _ "n F(S-ni,bn)
Pr{Cn—l} =1 W— (B.13)

for i = 0,1,..., [S/n} and n =1, 2, ..., N,

The same procedure may be used to evaluate the joint probability of Cm

)
. s .
C . I . =p =
and n for any m and n f em,n is the vector of p1 with pm pn 0

then

Pr{Cm=i,Cn=j} =1 Ir . (B.14)

Using the concept of carried load [9] it is easy to relate PL and the expected
value of Cn’ E{Cn}. In steady state, we must have the expected number of
calls requesting n ports in the system equal to the offered load for that .

class times the probability it is not lost; so forn= 1, 2, ..., N we have

]
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E{Cn} = pn(l-PLn). (B.15)

Before discussing how one uses these results to quickly and efficiently
determine the required number of ports necessary to ensure a desired grade of
service to be met, a method of computing the probability distribution of the
number of conferences in the system is discussed. Let C represent the steady

state number of conferences in the system; then it is easy to show that for i<

[s/N]

ot/11 (B.16)

Pr{c=i} = f(1,é);

but for i>[S/N]+1 the problem is much more difficult. For these cases we use

another iterative scheme to generate the desired results. Define for k = 0,

1, «¢., S
3
N e k
—j_! 'j'0919'-'9[ﬁ]
hk(N’j) = (B.17)
. - E
0 .j—[N]+l,...,k,

and again the backward relation for m = N-1, N-2, ..., 2, 1

B-10
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h) k
p_. (n+1,j-l') H =0,1,..~,[_] ‘
;0 .;r'x By _pn 3 n (B.18)

hk(n,j) =

0 :j=[-§]+l,...,k

For i = [S/N]+1, ..., S we have

hs(l,i) .

Pri{c=1i} = RG]

(B.19)

It is interesting to consider the amount of computation and storage
required to compute the probability distribution of C and X. For both, one
has to store two vectors; but for X the length of the vector is S+1, whereas

it is (S+1)+(S8+2)/2 for C using the storage mapping

hk(n,j)—»H(n,l) (B.20) '

where £ = k(k+1)/2 + j. So the computational and storage requirements to

produce the probability distribution of C are greater than for X.

There are several other relations between C and X which should be
presented. First the expected number of conferences in the system is
N
Elc} = 3, Elc)
n=]
B-11 ’
s’
A —— —— -



- Y p, (1-PL ). (B.21)

Using the notion of carried load we have

A -
E{x} = 'ﬁil np (1-PL ).

We close this section with a discussion of the sizing routine used in this
study. Suppoaing PL* is the desired average loss probability, we want to know
what value of S will achieve this probability. For the standard Erlang Loss
system, the problem is straightforward because the loss probability with S+1
ports is simply expressed as a function of the loss probability with S ports,
[9]. So one can iteratively increase S until the desired grade of service is

achieved. Since the loss probability is monotonically decreasing in S no

other checks need be done.

In the context of the conference director port sizing, the problem is not
so simple. First, as one will see in the dext section, PL is not
monotonically decreasing in S for a fixed load. Secondly, there is no simple
way of determining PL for S+1 from PL with S ports., Our sizing method is
based on the following observation from the numerical examples we have

considered. 1If E(p,S) is Erlang's Loss Formula, then for Py (n=1, 2, ..., N)

fixed

B-12
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N
E(p,[s/‘z rQr]) + PL (B.23)

n#l

as S gets large. Since PL is getting small as S is increased and the values
of PL* are usually less than .1, the sizing procedure first determines the

required number of ports, say'g; such that

N
E(p,[S/ Z‘nQn]) < PL*, (8. 24)

n=1

Once S has been found, the average loss probability is computed using S and
pn's. If it is greater than PL¥*, S is decreased until the average loss
probability is greater than PL*, at which time S is reset to its previous
value. What this procedure does is allow one to determine the number of ports

without having to evaluate the average loss probability for all values of S

less than or equal to S.
3. NUMERICAL ANALYSIS AND SYSTEM PERFORMANCE r

In this section we consider some numerical examples using the results of

section 2. In general the behavior of this system is very interesting and

sometimes extremely sensitive to slight changes in the parameters under

consideration.

B-13
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Figure B-1 shows how radical the behavior of this system can be. As a

function of the number of ports, the loss probabilities PL., PL., and PL

1’ 79
are shown. One sees that their behavior is cyclic and that PL1 is not
monotonically decreasing in S. The reason for this strange behavior is simply
explained; when the number of ports is less than nine no calls requiring nine
ports are accepted into the system. So as S is increased from 1 to 8 PL1
decreases monotonically from 1 at S = 0 to basically 0 at S = 8. When S = 9,
those calls requiring nine ports are allowed into the system and occupy nine
ports; thus for periods of time the system has no ports available for the
calls requesting one port. This causes PL1 to jump from 0 at S = 8 to

around .78 at S = 9. When S is increased from 9 to 17, only one call
requesting nine ports is allowed in the system at a time and PL1 starts
decreasing again. When S = 18, two to nine port calls could be in the system
anc¢ the cyclic behavior begins all over. The overall behavior is cyclic in

the number of ports; with cyclic length equal N and an overall downward drift

in the values of loss probabilities.

The five cases shown in Figure B-2 represent the situation where all
parameters are held constant but the variance of the offered load is
monotonically increasing in Figures B-2.A to B-2.F. Usually, in queueing
systems when the variance of one of the underlying random variables is
increased, the measures of performance also increase. 1In these figures, we
see the opposite happening; as the variance of the offered load is increasing
the average loss probability is decreasing. The basic reason stems from the
fact that as the variance of the offered load is increased the variance in the
number of requests for ports is increased and the system will be better
utilized because requests for a specific number of vacant ports is more likely

to occur.
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In Figure B-3, the case is considered when there are no requests for one
port. In that figure, one has the radical behavior of PLh for a small value
of S. This behavior is similar to the one we saw in Figure B-1 but not as
pronounced, because we do not have the wide differences in the number of ports
requested. Another result we wish to demonstrate via this figure is that
PL2 = PL3 when S = 3, l’L3 = PLA when S = 4 and PL& = PL5 when § =
5. The reason we have equality at these points is that we only can have one
type of call in the system at a given time, not both; and since Q1 =0 a
request for n ports is the same as a request for n+l ports. Once S>N there is

more interaction between the requests for ports and the strange behavior

disappears.

The interaction among the number of calls requesting 1, 2, and 3 ports is
shown in Figure B-4. The covariance of each pair of possible requests is
plotted as a function of S. One immediately sees that there is a high
negative correlation of the number of calls requesting a different number of
ports. In this example there is a high correlation between calls requesting
two and three ports. Basically all these curves are convex in nature. This
stems from the fact that when the number of ports is small, the loss
probabilities are high, and there are not many customers in the system; i.e.,
covariance is small. As the number of ports is increased, more and more calls
from each class are accepted and the correlation becomes greater until the
number of ports is large enough to ensure that the calls begin to act

independently of each other. Again we see the radical performance for small S.

B-~17
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The final figure (Figure B-5) gives a family of curves for Pr{Cn =
i}, n=1, 2, 3 and Pr{C = i}. This figure does not show any of the
radical behavior that we have seen in the previous figures. As expected,
the variance in the number of calls requesting one port is greater than
those requesting two; which is greater than those requesting three.
Furthermore, the variance of the number of conferences present is not
equal to the sum of the variance of the conference requesting a
particular number of ports because of the dependencies among the

underlying variables.
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